In this paper some results obtained in the SICURO research project carried out by the Laboratory for Transport Systems Analysis (LAST) of Mediterranea University of Reggio Calabria (Italy) are presented. Microscopic models able to simulate supply and demand-supply interaction of a road transportation system in emergency conditions are described. A microscopic link model (car-following) is specified and calibrated. Parameters are calibrated from data observed during a real simulation of evacuation executed in the test site of Melito Porto Salvo (Italy). A computer application is performed in order to reproduce the evacuation phases observed. Some indicators for testing the performance of a road transportation network in emergency conditions are defined and estimated.
Introduction
This paper presents some results obtained in the research project entitled SICURO (supported by the Calabria Regional Authority) carried out by the Laboratory for Transport Systems Analysis (LAST) of the Mediterranea University of Reggio Calabria (Italy). The general objective of the project was risk reduction in urban areas in terms of exposure through the definition and the implementation of evacuation procedures.
One of the activities concerns the specification and calibration of models able to simulate transport supply and demand-supply interaction when a population has to be evacuated due to a forthcoming disaster. In such a context, where temporary over-saturation of some transportation supply elements, queue formation and dispersion occur, Dynamic Traffic Assignment (DTA) methods and procedures become necessary. They can have different models or specifications: pseudo-dynamic [1] , mesoscopic [2] and microscopic, presented in this paper.
Microscopic traffic flow models belong to two different classes: • link models, that simulate the interactions among vehicles on each link of the network;
• node models, that simulate the interactions among vehicles on each node of the network (signalized and non-signalized intersections, merging and diverging areas, toll plaza areas, …). Link models can be divided into:
• car-following models [3, 4] , that simulate the movement of each vehicle and the interaction with vehicles travelling dowstream on the same lane;
• lane-changing models [5] , that simulate the interactions among vehicles travelling on different lanes. Node models can be divided into:
• models for signalized nodes [6] , which can be macrocospic, for an aggregate analysis of node performances, and microscopic, for a disaggregate analysis of node performances, simulating explicitly every driver behaviour;
• models for non-signalized nodes [7] , based on the gap-acceptance model. Path choice models [8] requires the definition of the path choice set and the path choice models. The path choice set is generally defined in a behavioural way, in other words, selecting admissible paths according to the driver's behavioural rules. Paths inside the path choice set can be variable or fixed.
Path choice models, on variable or fixed path choice set, can be: • pre-trip, when the driver chooses the path according to the origin, the destination and departure time, before starting the trip; • en-route, when the driver modifies, during the trip, his path on the basis of current traffic conditions on the network. Among path choice models, we can distinguish two types of models: • deterministic, if the driver chooses the path with the minimum generalized cost;
• stochastic, if the driver associates a probability to each path belonging to the path choice set. A detailed classification of microscopic models is presented in [9, 10] . In this paper microscopic models able to simulate supply and demand-supply interaction of a road transportation system in emergency conditions are presented.
The paper is structured as follows: in section 2 some definitions and notation are introduced and the microscopic traffic model used is presented; section 3 describes data acquisition and model calibration procedures, and section 4 reports the application performed in order to reproduce evacuation observed. In conclusion, some results and prospects for further research are highlighted.
Models
In this section we present the models applied for the simulation of evacuation.
Definitions and notations
Variables of the car-following model used are:
• h, spatial headway between vehicles travelling on the same lane of a link;
• v, vehicle speed on link;
• k, density.
Parameters of the car-following model are specified as functions of five link attributes:
• L, link available width.
Variables in the gap-acceptance model at non-signalized nodes are:
• t', arrival time of vehicle at the node; • G CR, n (t), critical gap for vehicle n at time t, between t' and T n ;
• m, type of vehicle manoeuvre (straight through, left turn, right turn);
• nl, number of opposing lanes for the vehicle to cross.
Parameters of the gap-acceptance model at non-signalized nodes are:
• T n , maximum waiting time for vehicle n starting from t', after which the vehicle starts the manoeuvre;
• G' CR, n , critical gap for vehicle n at time t'; • G b n , value of critical gap if the vehicle executes a straight through manoeuvre and if the conflicting link, with higher prority, has a single lane;
• ∆G n (m,nl), increment of critical gap for vehicle n due to a more complex manoeuvre than the straight through one (left turn, right turn) and when nl>1. Variable of path choice model is the probability of choosing the generic path w, p n (w).
Parameters of the path choice model are: • w, generic path; • I in , choice set for user (vehicle) n.
Model specification
The car-following model [5, 6] , is a relationship between spatial headway h and speed v:
with α 1 , α 2 , α 3 and α 4 parameters to be calculated for each link where v 0 , v CR , C and k J are known. They can be expressed through the following equations:
From eqn (1) and given that spatial headway h is the reciprocal of density k, density-speed relationship (10) was derived and inverted to obtain the densityspeed relationship (11):
The gap-acceptance model, based on the definition of critical gap for vehicle n at time t between t' and T n , is deterministic and has the following equation:
where
Path choice model [8] estimates probabilty p n (w) through:
with p n (I in ), probability of choice set I in ; p n (w/I in ), conditional probability of the generic path w given the choice set I in .
Experimentation
One of the project activities was to organize and execute a real simulation of evacuation due to a forthcoming disaster in the experimental test site of Melito Porto Salvo (Reggio Calabria, Italy). Melito Porto Salvo is a town in the province of Reggio Calabria, in the south of Italy. It lies on the Ionian coast, 20 km from Reggio Calabria. The municipality has an area of 35.30 km 2 , 10483 inhabitants and 2432 employees.
The evacuation area is part of the central area of the town, where public offices (town hall, primary school, etc.), residential and commercial activities are located. It has an area of about 0.04 km 2 , 57 buildings, 255 residents, 65 households and 225 employees. Evacuation was performed during the morning rush-hour of a working day in accordance with the emergency plan drawn up by the Civil Protection Department. The real simulation allowed us to obtain data for model calibration.
Data acquisition
Evacuation of the population with motorized modes was filmed through a system of videocameras located on some selected links of the road network in order to monitor the evolution of traffic flow inside the evacuation area. The location of the main videocameras on road network is reported in figure 1.
Figure 1:
Videocamera location on the road network.
Traffic flow data were extracted in the laboratory from traffic scenes recorded by videocameras. The traffic flow variables observed were:
• vehicle running time, calculated as time spent by a vehicle crossing through two predefined road sections at known fixed distance along the link;
• vehicle counts on a predefined road section.
From the observed variables the following variables were estimated:
• vehicle speed (v est ), as the ratio of distance between the two road sections to vehicle running time;
• traffic flow (f est ), as the number of vehicles travelling on a predefined road section in a time unit;
• density (k est ), as the ratio between f est and v est .
Speeds and densities were estimated from observations of the three roads monitored by videocameras 4, 7 and 8 (see figure 1) , with different available link width (3.5 m, 4.0 m and 5.0 m respectively) and selected to obtain data related to uncongested and congested traffic flow conditions.
Model calibration and validation
Estimated speeds and densities were used to calibrate the proposed car-following model reported in eqn 11 whose parameters are reported in eqns (6) 
Application
A computer application was performed to reproduce evacuation observed in the test site of Melito Porto Salvo. Road transport supply was simulated considering the following steps: delimitation of evacuation area; definition of zoning and origin centroids; graph construction and application of car-following model (11) with calibrated parameters. Demand was simulated through the origin-destination matrix estimated in [13] . Moreover, the transport demand crossing the evacuation area was estimated in order to reproduce link flows on network in ordinary conditions during the morning rush-hour of a working day. Demand-supply interaction was performed through the software Integration [11] which uses a microscopic DTA procedure. Some transportation network performance indicators are defined and estimated.
Microsimulation procedure
The area to evacuate was subdivided into eleven traffic zones. One of these represents the primary school that was not considered for the simulation because no private vehicle demand was generated from it.
The road network simulates the road system of the evacuation area. The graph (figure 3) has 37 nodes, 11 of which are origins, and 66 links. The intersections are all non-signalized. Graph. For the assignment the following specifications were made: • private vehicle demand for each origin-destination pair was generated with a uniform distribution;
• some links inside evacuation area were closed in order to simulate the real supply changes made by the members of the emergency assistance during the test.
Indicators
Performance indicators can be divided into:
• demand-supply interaction indicators, for global analysis of the road transport system: total vehicle travel distance on the network (L tot ), average travel distance per vehicle (L a ), total vehicle travel time on the network (T tot ), average travel time per vehicle (T a ), vehicle evacuation time or time at which the last vehicle evacuates from the network (T lve ), vehicle average speed on the network (V a ); • evolution indicators, for the analysis of transport system evolution during evacuation: time profile of number of vehicles on the network (N net ), time profile of number of vehicles that reach each destination (N safe ). Table 1 reports the values of the demand-supply interaction indicators. Of these, the most significant are vehicle evacuation time (T lve ) of 24.10 minutes and average travel time per vehicle (T a ) of 3.78 minutes.
In figure 4 the time profile of the number of vehicles on the network is represented. It initially increases and peaks after five minutes, thereafter it shows a decreasing trend. 
Conclusions and prospects
One of the activities of the SICURO project concerns the specification and calibration of a system of models able to simulate transport supply and demandsupply interaction when a population has to be evacuated due to a forthcoming disaster. In this context Dynamic Traffic Assignment (DTA) methods and procedures become necessary. Time profile of number of vehicles on the network (N net ).
In the paper we presented microsimulation models and procedures for analysing a road transportation system in emergency conditions.
Parameters of the car-following model were calibrated with vehicle speeds and densities, experimentally estimated from observed traffic flow data related to uncongested and congested traffic flow conditions. These data were extracted from a real simulation of evacuation conducted in the test site of Melito Porto Salvo (Reggio Calabria, Italy). A computer application was performed in order to reproduce the observed evacuation phases.
Possible future developments concern model calibration for other types of roads (in extra-urban areas) and the performance of simulation over wider urban areas. 
